delayed perforation should be emergency surgery or endoscopic closure with conservative treatment. Here, we report two cases of delayed perforation occurring after ESD for EGC.
INTRODUCTION
Endoscopic submucosal dissection (ESD) is widely used as one of the main therapeutic modalities for early gastric cancer (EGC) because of its minimal invasiveness, high rate of en bloc resection, and comparable long-term outcomes to surgery. [1] [2] [3] One of the major complications of ESD is perforation during the procedure, which has a reported incidence of 3.5% to 7%. 4 In most cases, perforation occurring during ESD can be successfully treated by immediate endoscopic closure and conservative management. Delayed perforation is defined as a perforation occurring after ESD, without a visible gastric wall defect during ESD and without free air on chest radiography performed immediately after ESD. Delayed perforation is very rare, with a highest reported incidence of 0.45%.
Case 1
An 86-year-old man was referred to our hospital for the treatment of EGC. A tumor was located on the anterior wall of the antrum. Endoscopically estimated tumor size was 1.2 cm (Fig. 1A ). Significant perigastric lymphadenopathy and distant metastasis were not found on abdominal computed to- mography (CT). ESD was successfully performed in en bloc fashion, and all resection margins were tumor-free (Fig. 1B) . Resected specimen size was 4.2 cm. Total procedure time was 25 minutes. No free air was observed on chest radiography performed immediately after ESD ( Fig. 2A) . Pathological analysis of the ESD specimen indicated that the lesion was a 0.8 cm-sized moderately differentiated adenocarcinoma confined within the lamina propria layer. No lymphovascular invasion was detected. Twelve hours after the ESD procedure, the patient complained of severe abdominal pain. Because he did not have fever and a follow-up chest radiography at that time revealed no free air (Fig. 2B) , the patient was conservatively managed with a proton pump inhibitor and pethidine. Twenty-three hours after ESD, his pain aggravated, and a follow-up chest radiography showed free air (Fig. 2C ). Emergency upper endoscopy revealed a 1 cm-sized gastric wall defect in the ESD-induced ulcer base (Fig. 1C) , and the perforation site was then closed with three clips (Fig. 1D ). Because clipping seemed successful, the patient was conservatively managed with antibiotics, a proton pump inhibitor, and parenteral nutrition. With this treatment, his abdominal pain improved, and defecation occurred 3 and 4 days after clipping. Five days after clipping, the abdominal pain again exacerbated. Abdominal CT showed a large pneumoperitoneum complicated with ascites, suggestive of panperitonitis, and the patient agreed to undergo emergency explorative laparotomy. However, the laparoscopic approach was not feasible in this patient due to massive complicated fluids and inflammatory tissues in the peritoneal space. During open surgery, a 3 cm-sized laceration was found at the previous ESD site, and primary suturing of the laceration was performed without gastrectomy (Fig. 3) . The patient was discharged 14 days after surgery without any further complication.
A

Case 2
A 67-year-old man underwent upper endoscopy as part of a routine check-up. He was diagnosed with a 1.8 cm-sized EGC on the lesser curvature of the antrum (Fig. 4A) . No significant enlargement of lymph nodes was detected on a CT scan of the abdomen. ESD was successfully performed in en bloc fashion, and all resection margins were tumor-free (Fig.  4B ). Resected specimen size was 4.5 cm. Total procedure time was 45 minutes. No free air was observed on a chest radiography taken immediately after ESD. Pathological review of the ESD specimen showed that the lesion was a 1.8 cm-sized, welldifferentiated adenocarcinoma confined to the muscularis mucosa layer. No lymphovascular invasion was detected. Ten hours after the ESD, the patient complained of severe abdominal pain. A chest radiography taken at that time did not reveal free air, and the patient was afebrile. Despite conservative management with a proton pump inhibitor and pethidine, the patient's pain was aggravated, and a follow-up chest radiography taken at 15 hours after ESD showed free air. Emergency upper endoscopy revealed a 2 cm-sized perforation in the ESD-induced ulcer base (Fig. 4C) . Because the perforation was too large to attempt endoscopic clipping, the patient underwent emergent laparoscopic segmental resection (Fig. 4D) . The patient was discharged 7 days after surgery without any complication.
DISCUSSION
Delayed perforation is a very rare complication of ESD, with a reported incidence of 0.1% to 0.45%. 5, 6 In our institution, one of the tertiary hospitals in Korea with the most experience performing ESD for EGC, a total of 3,432 patients underwent ESD between 2000 and 2013. Among them, only two cases of delayed perforation occurred (0.06%). Owing to the low incidence of delayed perforation, few reports exist on its clinical features and outcomes. Hanaoka et al. 5 described six cases of delayed perforation occurring after ESD for EGC. In their case series, the majority of the lesions were located in the upper third of the stomach and total procedure time was relatively long, ranging from 1.5 to 9 hours. Four of the six lesions needed deep submucosal dissection because of massive submucosal invasion and ulcer scarring. Therefore, the essential mechanism of delayed perforation after ESD was suggested to be electrical cautery during submucosal dissection or repeated coagulation that caused ischemic change to the gastric wall, resulting in necrosis. 5 However, our case series demonstrated different features. Both EGC lesions were located in the antrum, and tumor depths were confined to the mucosal layer. Total procedure times for ESD were 25 minutes and 45 minutes, respectively. These features were similar to those reported by Ikezawa et al. 6 In their case report, the EGC lesion was located on the greater curvature of the antrum and tumor depth was confined within the mucosal layer. The ESD procedure took only 25 minutes, and the size of the perforation was only 3 mm. On the basis of these findings, Ikezawa et al. 6 suggested that shrinkage or disappearance of vessels penetrating the gastric wall, caused by electrical cautery, might have contributed to the occurrence of delayed perforation. As the number of reported cases is limited, further studies are required to identify the mechanism and risk factors for delayed perforation after ESD.
Because of limited experience, it is unclear whether the optimal management strategy for delayed perforation after ESD is emergency surgery or endoscopic closure with conservative treatment. In the case series of Hanaoka et al., 5 all but one patient underwent surgical treatment. Among the five patients treated surgically, three underwent omentoplasty without gastrectomy. All surgically treated patients were discharged early without any operation-related complications. In our case series, conservative management was attempted in the first case after successful endoscopic closure of the perforation. However, on the 5th day after the clipping, panperitonitis developed. A laparoscopic approach was not possible owing to complicated inflammation, and the patient eventually underwent open surgery. This patient was discharged 14 days after surgery. In contrast to the first patient, the second patient underwent emergency surgery immediately after the occurrence of delayed perforation was detected. Laparoscopic segmental resection without gastrectomy was successfully performed, and the patient was discharged 7 days after surgery.
Delayed perforation may be caused by blunt damage from ischemic change rather than sharp laceration by an electrosurgical knife, and the size of the necrotic area and perforation can be large. This makes endoscopic closure with clips difficult and can result in late dehiscence even after successful clipping. As in our first case, late surgery can be complicated by severe inflammation, which inevitably leads to open surgery. In cases of early surgery, however, delayed perforation can be successfully treated by laparoscopic simple suture or segmental resection without radical gastrectomy. Given these points, emergency surgery may be preferable to endoscopic closure with conservative treatment in cases of delayed perforation after ESD.
